The uptake and accumulation of exogenous indoleacetic acid-4C by intact rice coleoptiles were examined. The absorption of exogenous indoleacetic acid was controlled by phytochrome, while the subsequent accumulation of this indoleacetic acid in various portions of the coleoptile was complex, and the effect of red light in this system was small compared to the alteration of the uptake of indoleacetic acid by red light. The absorption of indoleacetic acid exhibited two phases: the first occurring during the first 3-hour portion of the incubation was an inhibition, while the second was a promotive effect at about the 5th hour of incubation. Both of these effects were red, far redreversible, implicating phytochrome in this effect. Neither the destruction nor the immobilization of this exogenous indoleacetic acid apeared to be greatly affected by red light irradiation. The principal interaction between phytochrome and indoleacetic acid appears to occur during the absorption of exogenous indoleacetic acid. This effect may be related to the control by phytochrome of the amount of auxin which diffuses from coleoptile tips.
acetic acid apeared to be greatly affected by red light irradiation. The principal interaction between phytochrome and indoleacetic acid appears to occur during the absorption of exogenous indoleacetic acid. This effect may be related to the control by phytochrome of the amount of auxin which diffuses from coleoptile tips.
Auxin and phytochrome each influence a variety of developmental processes in higher plants, but the possibility of an interaction between these two systems has not often been suggested. Liverman and Bonner (12) reported that IAA was required for the far red reversal of the red light effect on the growth of the excised coleoptile. Furuya and Torrey (7) were able to demonstrate phytochrome control of lateral root initiation in pea roots in the presence of exogenous IAA. Tanada (18) reported that the phytochrome-dependent attachment of barley root tips to a wet glass surface required a low concentration of exogenous IAA. Recently Furuya et al. (6) reported that phytochrome controls the amount of auxin which diffuses from the tips of intact rice coleoptiles. This interaction appeared to be due to an inhibition of the transport of endogenous auxin into the growing region, but it was also noted that this effect could have been due to an alteration of IAA biosvnthesis or destruction rather than of auxin transport.
Although the possibility of phytochrome control at the Thornton and Thimann (20) found no effect of the red, far red reversible system on IAA transport in segments of Avena coleoptiles. Experiments were done to determine the role of phytochrome in IAA uptake, accumulation, and destruction.
MATERIALS AND METHODS Plant Material. Seeds of Oryza sativa L. cv. Koshijiwase from the National Food Research Institute and the Agricultural Research Station in Niigata Prefecture, Japan, were used throughout this study. These seeds were soaked in water for 24 hr in the dark at 25 + 1 C. They were then transferred to 0.4% agar and allowed to grow in the dark at 25 + 1 C for 5 days. At this time, coleoptiles were about 15 to 20 mm in length and had not been penetrated by the first leaf. Only 6-day-old intact seedlings were used in this study.
In those experiments in which light irradiations were given, red light (1000 ergs sec-1 cm-2) exposures lasted for 3 min, while far red light (1400 ergs sec-l cm-2) exposures lasted for 10 min. All manipulations other than these light treatments were carried out under a green safelight. The sources of red and far red light and the green safelight have been described elsewhere (6) .
Radioisotope Studies. Indole-3-acetic-2-14C acid (7.6 mc/ mmole) was purchased from New England Nuclear Corporation at a purity of >98%. The 2% impurity had an RF value of 0.85 in isopropanol-NH4OH (28 %)-H20 (10:1:1, v/v). In these experiments, 10 ptM IAA-14C solidified with 1.5% agar was applied as a cylinder to the tips of intact coleoptiles immediately following irradiation. These agar cylinders were prepared using Intramedic tubing by the procedure described by Shen-Miller et al. (17) . Following an appropripriate incubation period with or without light treatments, the block containing IAA was removed, and the seedling was cut into 4 portions; a 2-mm apical segment of the coleoptile, a 10-mm subapical coleoptile section (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) termined by scintillation counting as described previously.
The nature of the diffusible radioactive compounds was examined in a separate set of experiments in which seedlings were supplied with IAA-14C for 3 hr in the same manner as before. Following a 3-hr incubation in the dark, the radioactive sources were removed from the tips of the coleoptiles, and 5-mm apical segments were excised. The cut surface of each segment was placed in contact with a 3% agar block.
The radioactive compounds were allowed to diffuse into the agar for 3 hr at 25 C in the dark. The radioactivity in the agar block was then extracted with 85% ethanol and analyzed in the manner described for the extractable auxins.
All of the experiments in this report were done at least twice, and duplicate samples were run in each experiment.
The results are representative of all experiments. phytochrome of the movement of auxin from the tip to the growing region of the rice coleoptile was examined by studying the uptake, movement, and accumulation of exogenously applied IAA-"C in various portions of the seedlings following exposure of the plants to various light regimes. Rice seedlings with an initial coleoptile length of 17 to 18 mm were used in these experiments. The time courses of the uptake of IAA by the coleoptile in the dark and following a brief period of red irradiation are shown in Figure 1 . The rate of IAA absorption decreased steadily in the dark, but this absorption was inhibited during the 1 to 3 hr portion of the incubation if the incorporation period was preceded by red irradiation. This inhibition was followed by a large promotion of the absorption of IAA during the 3 to 5 hr portion of the incubation.
The accumulation of IAA in various portions of the seedling following its absorption, both in the dark and following red irradiation, was complex (Fig. 2) . Examination of Figure  2 shows the presence in each portion of the seedling of an inhibition of the accumulation of radioactivity at about 3 hr after red irradiation. In the coleoptile tip the radioactivity continued to accumulate in both dark-and red light-treated samples even up to 7 hr although the uptake of IAA (Fig. 1) was negligible after the 5th hr. In the remainder of the coleoptile (Fig. 2, portions 2 and 3 ) the radioactivity increased until the 5th hr and then decreased or remained constant. The radioactivity continued to accumulate in the root and leaf portion following the inhibition at 3 hr. This inhibition at 3 hr is probably a reflection of the inhibition of IAA uptake at 3 hr. The rapid accumulation of label after 3 hr also probably reflects the change in the absorption of IAA. The subsequent decrease in radioactivity in the coleoptile and the increase of label in the coleoptile tip and the remainder of the seedling are complex and may represent not only IAA absorption but also some effect upon the movement of IAA in the seedling.
In order to determine whether the red light effects discussed above were due to phytochrome, the red, far red reversibility of these effects was examined following a 3-hr in- cubation when the inhibition of IAA uptake occurred, and after 5 hr when the promotion occurred (Tables I, II) . The results indicate that both the inhibition and the subsequent promotion of the absorption of IAA were red, far red reversible, thus implicating phytochrome in these effects.
IAA Destruction and Immobilization. Although there is little evidence to implicate phytochrome in the control of IAA destruction or immobilization in other plants, the possibility of such an interaction in rice seedlings was examined. Chromatography of the ethanol-soluble auxins extracted from seedling sections following a 3-hr incubation indicated the presence of several compounds in addition to IAA in both dark and red light-irradiated samples (Fig. 3) . The formation of a compound which had an RF value which corresponded to the RF of known IAAsp was observed. The amount of this compound did not vary with the light treatment, although its relative amount increased basipetally and was maximal in the lower portion of the coleoptile and in the root and leaf portion. Another It was not clear from the analysis of the extractable radioactive compounds which of these compounds were mobile and which were immobile. Therefore, in a separate set of experiments, these substances were allowed to diffuse from the coleoptile tips into an agar block, and the radioactivity in the agar block was analyzed (Fig. 4) . A The amount of diffusible auxin collected from the tips of rice coleoptiles has been reported to decrease following red irradiation (6) . Although the photoreversibility of this effect was not repeatable in the manner usual for phytochromemediated effects, it seemed likely that this effect was actually due to phytochrome. In the present paper the most dramatic effect of red light irradiation was upon the uptake of IAA (Figs. 1, 2) . No effect of red light upon the destruction or immobilization of exogenous IAA could be found (Fig. 3) . The amount of a compound which appeared to be indoleacetylaspartate and which was immobile (Figs. 3, 4) was the same in dark-and red-irradiated samples. The level of another compound which was chromatographically similar to indolealdehyde was slightly increased by light treatment. This compound was found only in the sample containing the root and first leaf portion of the seedlings, and the amount of this compound was small (less than 10%) even following red light treatment. Morris et al. (13) reported that indolealdehyde was produced only in the roots and first internode of pea seedlings. Fletcher and Zalik (4) reported that the oxidation of IAA to IAl in bean seedlings was increased by red light.
Red light may also increase the production of this compound in rice seedlings (Fig. 3) . The presence of one additional compound other than IAA was noted, but it was not possible to determine whether light affected it. This compound may have been an IAA complex since the total amount of IAA and this compound was relatively stable whereas the amounts of each of these compounds was quite variable. This compound was diffusible (Fig. 4) .
It has been suggested that auxin transport sites are located on the plasma membrane (8, 11, 15) . The red light effect upon IAA uptake (Fig. 3) is consistent with this hypothesis since it seems likely that the limiting step in the uptake of IAA will occur at the plasmalemma. The inhibition of IAA absorption at about 3 hr and the subsequent promotion of the uptake of IAA at about 5 hr were photoreversible (Tables I,   II) , thus implicating phytochrome in this effect. The possibility of an association of phytochrome with the plasmalemma has been reported (16) . Conformational changes in the phytochrome molecule following irradiation have also been observed (9) . The data presented here are consistent with the hypothesis of Hertel and Flory (8) that IAA binding sites are located on the membrane and can be affected by localized conformational changes in the membrane of the type proposed by Changeux et al. (3) . In this instance, phytochrome may represent the site of the initial conformational change following red light irradiation which subsequently alters the uptake of IAA and possibly IAA transport. It has been suggested that in coleoptile sections the differences in the rate of transport of various auxins are determined by their rate of exit rather than their rate of entry (8) . The effect of light in the rice seedling indicates that this may be too narrow a view and that the exit, transport itself, or entry of auxin may control the over-all rate of movement. This is consistent with the view that transport involves three separate steps: absorption of the auxin into the transport stream, transport, and removal of the auxin from the stream. The time course for the uptake of IAA (Fig. 1) resembles the results of Furuya et al. (6) for the amount of auxin which diffused from the tip of the coleoptile following red light irradiation. These effects may be related if the rate of entry of auxin, either exogenous or endogenous, represents the limiting step in auxin transport. In the corn coleoptile, a system specific for auxin transport seems to be present (8) . In the present study, the specificity of the red light effect upon the uptake of auxins was not examined although it would be most helpful to know whether this effect is specific for IAA. The control of this phenomenon by phytochrome could occur at a variety of levels. The occurrence of a 3-hr lag between the red light irradiation and the inhibition of IAA uptake found here may indicate that this effect is not one of a direct modification of the membrane. However, the possibility of a rather long term membrane effect has been suggested by Hertel and Flory (8) . The precise step in the absorption of IAA which is controlled by phytochrome represents an important area for investigation.
